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Ionic analysis of phosphorus doped-diamond homoepilayers grown with different carbon isotopic abundances F. Jomard 1 , R. Gillet 1 , M. Bouras 1 , I. Stenger 1 , J. Barjon 1 , Marie-Amandine Pinault-Thaury 1* 1 Groupe d'Etude de la Matière Condensée (GEMaC-UMR8635), CNRS, Université de Versailles St-Quentin-En-Yvelines (UVSQ), Université Paris-Saclay, 45 av des Etats Unis, 78035 Versailles Cedex, France *marie-amandine.pinault-thaury@uvsq.fr Diamond has exceptional properties that make it a promising material for many applications in several fields. For several decades, many studies have been carried out to study the nature and the impact of impurities in diamond films synthesized by chemical vapor deposition (CVD). Doping impurities can be added in a controlled manner into the gas mixture during the growth process and incorporated into CVD diamond films. Among them, phosphorus is a donor when it replaces carbon of the crystal lattice. To date, it gives the highest n-type electronic conductivities. Nitrogen is also a well-known impurity in synthetic diamond. Coupled with vacancies (missing carbon atoms in the lattice, denoted V), it forms interesting N-V complexes for optically active centers, such as colored centers or single photon sources.

Recently, phosphorus donors in homoepitaxial diamond have been shown to increase the coherence time of N-V centers [1], paving the way for new applications in quantum technology. This breakthrough was achieved thanks to the progress made on the quality of CVD diamonds and in particular techniques allowing the elimination or reduction of undesirable defects such as the nuclear spins of the isotope 13 of carbon ( 13 C), obtained in a low range of doping in phosphorus (< 1x10 17 at/cm 3 ) [2]. For several years, GEMaC studies n-type diamond through the synthesis of phosphorus-doped diamond films thanks to microwave plasma assisted CVD. Recently, a gas line dedicated to methane isotopically depleted in 13 C ( 13 C/ 12 C = 0.01% instead of 1.10% for natural methane) has been installed. Using standard growth conditions, homoepilayers were synthetized on commercial HPHT Ib (100) diamond substrates with a gaseous mixture of methane either isotopically depleted in 13 C, or of natural isotopy. Samples were analyzed by secondary ion mass spectrometry (SIMS). Compared to the layer grown with natural isotopic carbon, nitrogen is detected in the 13 C-depleted layers which have higher thicknesses and higher phosphorus contents. These results suggest nitrogen contamination of the layer from the new gas line. The ionic analysis also gives the isotopic ratio of carbon in the layers grown with natural methane or 13 C isotopically depleted methane. The carbon-12 isotopic purity reaches 99.99966% (i.e. 0.00034% in 13 C) in 13 C-depleted homoepilayer against 99.989% for natural isotopic homoepilayer (i.e. 0.011% in 13 C). To our knowledge, this value is currently a record.
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